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(57) Abstract: A method for producing 
a proton conducting film which has a 
crosslinking structure with silicon-oxygen 
covalent bonds and has, in the film, 
a crosslinking structure containing a 
sulfonic acid group, represented by the 
following formula: (1), characterized in 
that it comprises a first step of preparing 
a mixture comprising a mercapto group 
containing oligomer (A) which contains 
a plurality of mercapto groups and has 
a reactive group capable of forming an 
Si-O-Si bonding through a condensation 
reaction, a second step of shaping said 
mixture into a film form, a third step of 
effecting the condensation reaction of the 
mixture in a film foim in the presence of 
a catalyst, to form a crosslinked gel, and 
a forth step of converting the mercapto 
group in the film to a sulfonic acid group 
by oxidation; a proton conducting film 
produced by the method; and a solid 
polymer type fiiel cell using the proton 
conducting film. The proton conducting 
film exhibits high ion conductivity, is 
excellent in dimensional stability at a high 
temperature, and is capable of fiinctioning 
with stability even at a high temperature. 
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^ (2) t^(DRfl^^^m<om (m) fi. i:|B(^M«9. 2 Xf* 3 U < fflV>S 

(3) T*^$tb§> >t> ia(^*n7K^i!P?'l4i^y/Hb'^^ (D) ^^^VX 

S i (RM 4 (3) 

(^4^. R MiC K OH. OCH3. OCgHg. OC3H7. OC4H9. 
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(4) ■C^^ti.-S. iJ;';fe< ir'b l@<^;lJP7k^^i?tti/y/HI::'8*'^ (E) ^-^^ 
(R«) „ (R«) „s ^ (4) 

rM^ci. oh. ocHs. oc^Us. 0C3H7. 0C4H9. 

C3H7. C4H9. CgHia. CsHiT. C,iH23> CijHas. CieHss. C 

1 (ii3*>. m=i) (Dm^i^\-iMm^R^-^n^ttim^KMi^^i^±^f^y> > ^ 

h^i^V^i^. h y ;?« h^fi^'-^^i/. 
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>^ n-^=3r'>>'^ V y ^ b'^'^^'^^^/x n-;^^^/^ b y P« b^'>'v'^>'. n- 

y'-yjv h y 7« y^-yiy^y. n-:t^ ^f-y/v h y 7« h^'y^y^^^^f^^ h^-:y 

S^SIiSo^ (fiP*>^ ^ (4) f<Dm) f:is 2X{i 3(D^OI:i^ #(3ia!l^#< 
JUPTK^^ttvy/Hb'^i^ (D) S.t)«/Xt4 (E) ^mntVX. m^<D:^;i-:^':^ 

hssr^-t-67?/V';&:/hS^^;ry =f-7- (A) ^mm-r^:^mitm^mm^n 

■f. 'eRI;tf^s #^5p9-4 0 9 1 1-^^^, Wm^S-l 3 4 2 1 9 #4^^. ^ 
gB2002-30149 -^4^^^ Journal of Polymer Sc 
ience :PartA:Polymer Chemi stry^ ||33#^ H 
751 — 754 M> 1995. Journal of Polymer Sci 
ence :PartA:Polymer Chemi strys 1137^^ Hi 
017-1026 1 9 9 9fj:if\z.^ir^^fj:. ^jk^(D:^m^m\'^?>^ ti>^-V 

it^^ (2) T?^$tt5 7«/i':3&7^bS^wr/V'="3E^^^'^^^^ (c) ^^m^ 

H^.CXMyk^^m^^yVMt^'^ (D) RXJ^/Xl^ (E) (^-^tflrl 0 OSlrlfP 
(C, 1 0 OS»^fP<?5^^5'>'->'^^>!ra^^ '^J^^* 1 N HC 1 7K^^^^V^of^:^J|^ 

(c) fc5v>tt^£ig-C'jD^fc (D) (E) tm^ir^i^xmw'r^ mx.Y£S\^ 
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T-eiPl^Ux mmt^Rj:^^<D (C) . fcSVNfi (D) . (E) Srm«9l^<o 

#p5nrcp«/v;=5;^b^^^;^-y (A) G P C J; tEBtt^^^^*^ 

tllSf Sri:;6ST'#So ^fcv m^ti.X. (C) fcltT->^e<> (D) . (E) 

^m^f^fcm^\^i-i. mm^^^:^^^ mmmn-.u, c si) i^^^s 

S H 
I 

(CHa) „ 

R'O- (Si -O) „-R' (5) 
I 

(^^. R ' CH 3 . C 2 H 5 > C 3 H , . :Rt)«C 4 H « 9 

il«tLfcS-Cfc «9 X RM^CHg. C2H5> C4H9. C6H6> 

OH. OCH3. OC.Hb. OC3H,. S-tJ^OC 4H,;0^e>/^5P<J:t)^{* 
tb^3£t?fcSo mf*l~2 0(O||^. n(i2~l 0 0©«^-efe5o R M^P- 
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mit^(Dm. t<OWcm^^^\^. ^ (2) ^'(Dm.ib^S. tH^OCDt^. R 
I^^Uti^ 3~5 OXh^o 

(c) (^5*?^ 3-7«/v:!&:7'h:/ot'>'V'h y 3 - p« /i^;* b 

^ (5) ^^:*3V^T> R^> R * ;6SO CH 3 S*T?*> t) . mjis 3 ■^feS-fb-g-'^Sr 
#§;ii:ds-e#s„ mj^\^it.^^\^. ^ (5) <DR ^ . R " p« bdr':/^o« 
^xm^vxh^<. U^m^l3ii7k^m^tix^y9y-yT^tfj:oX\^^xh^< s 

mntvx?i/\^:^zfh^^^r/i^=i^->^^'7:y (c) i:. iJdPTKi^jiPf&t^ y 
'fb'^^ (D) RXfyXit (E) ^grffiv^Si. 'eaj:tf^s (6) -C^^^xS^k 
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S H 



R 'O- 



(CHj) „ 
I 

(S i -O) 
I 

R« 



- (S i -O) t - R 



(6) 



(^4^. R ' {*H. CH 3 . C 2 H 5 . C 3 H 7 . IkXf-C 4 H 9 t^hf^^U^ t> 
m\-tflfz.m-Vth^ . RM*CH3> C2H5. C3H7. C4H9. CeHg. 
OH. OCH3. OC2H6^ OC3H7^ ^ItJ^O C 4 H 9 b 5 «^ J: «9 ^ 
tbfc^-efc??. RM*0H. OCH3. OC^Hg. OC3H7. OC4H9. 
CHjs C2H5, C3H7. C4H9. C6Hi3, CgHiT. C11H23. C12 
H25> C,6H33. C,8H37:S.t>'C eH5:«i^b''=fcS«^J:«551{*tbfcS-efc6o m 

l~2 0<DSmx nai~ 1 0 0<OSmX*feO. tJ*l~l 0 0(Z)S^-efc^o 

^ (6) ^(OB.' . R». R » <Z)WtiS«s 3itJ«m<7)#:1itti. fflV^fc 

-Q^oXh^<. ^mtjO^-^^T-foo-r^ J;v^o ^itLfi. ^ (5) (d:^ 

(6) 05lI3|s^i: bT. ^ (3) -e^$ttSJP7K55-«?14i/P/Wb'^<^ (D) dSfflv> 

i^VMt^^ (E) ;6s^v^6>nfc#-^^^^*^ R Mi-:^;a5^JJ&ttS> 

i^^^ t>^^i^?^4^^?^c^o ;iti.f*^ (4) ^<Dm. xi<D 

(A) i)^^ (6) -es<$ns%<^Sr^v^s^-^tc(:j. jljpxK^^i^tt^:/ P /Wb-^'^ 
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(D) l^Xf' (E) ^fc^t^ffiV^X'^>m<. M:^Sr?S'^bTt>^<. ^ 
(4) ■^7Ti^MM:A^^m'&^'^^^ M^'km (E) (?5m^<^Sm?SriS'^b"Cffiv>T 
r*Le>AD7K5>ji^'l4:xy ^Hb-^*^ (d) . (e) ^mm^'^^fy^^'^ 

^p^T/va^ixv-^^^ (c) . fc5v^^i;!J^7K53•^i?'l4v'y /Wb-^i^ (d) . (e) 

(C) S5I5<D^=^5/ ha;^jn7K^<i?tti>'y/Wb'^'^ (D) ^tJ^/Xt* (E) 

p«/V';i7:7' h^-^^T/v='=^v'v^7i^ (C) ^<^M:^^^^^^f- 
bS'^^T/W3'3E^'>V^>' (C) bOM:^ (n/ (n+t) ) f:*)!^ 
^ (6) (D^W-n.-^^ (n+t) fi2~2 0 O-efe2>^^3ei50*L'V\ n 2 

bV^^ (6) <^n+ t (D^^a:«^ 3~5 0"e$>5o 

(c) <D5t>. 3-^/^:*:/b:^n tvv ^ h^afv-i/^v. 3 -p^/V':*:?" 
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7« ^^W7>'S^ffiV^:fe^'g-. ^ (6) ^C*3V^T. R^. R « :dSO C H 3 ^-^fe 

(6) ^(DR » dSOCH 3 ^Xf^OC 2 H 5 ^"Cfe S'fk'&i^^^S ^1 i: d5-e# 
tifjieLfcJ; ^ (6) OR ^ s R ' X R ' t"±> OCH 3 SXIiOC 2 H 5 

tft^bfe<J;5l-^ (6) iJi^bfc^/V';^7 7'bS'^^;f y (A) ^f^<^ 

Mt^^ (D) :R.t;5/X« (E) <D::^^iy h t(Ditmi-i. GPC, fcSV>{:i^?gS 

(Dmm^mX^^X-4 1-1 8 0 5 (^fp##) (^*) . 3 

<feT'fc5X-4 1-1 8 1 0 mm^\^^ m) ^) . 3-p</W:* 

•:f}>':fx2}^/V':^'f-jUi?;^ h^ei^i/^ >'<7)^^fi-a'#:"T?$>5 SMS - 9 9 2 (^iPp 
#^) (Ge 1 e s t^fc^) . 3-y/V;&:/b:/nf/l-p«^/Wi^p^ 
^e^T^ hdriXi;?^^/W7i^<^*M'^^t?feS SMS - 0 22, SMS-042 
(^fo#-^) (Ge 1 e s tltSSl) ^;is^tf ^itbb ^j^Mi-fflV^S ^ :ds 
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(s) m'^tfj:^^j)^:fy-^hm^^ytV=^'^— (A) h^<55 2 

Oat om%iJA_h;dS^-fk;$HTV^5r b< . J; !9^*U< (i5 0 a t o 

>fb^;6S2 0 a t o m.% J: ^P'?icv>»'^{3i«, I^f (7)+:$>j^^@&S*-gae-r5 C ;ds 

^^fil 0 0 a t o m%fcJav^^^ 5 /55 J:V^o 

2. 1. 2 umnm^m (B) 

if^. mx.f£&.-r(OX.U (1) ~ (4) ^5ffiv^^tt5o 
(0 1 <^XS) 
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m 2 (DHW) 

So 
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M-e*>5o ai^?^^ m^^J^t^ ;^^mXi-i^t\^XMm^x:^-^:^tfJ:^) 
^§gi::*5V>-Cffiv>Sw^;;5S-c#S»7L^J5fe^J (B) cD^^;^^ biTf* 1 0 0°C^^^ 

zr.'^Ul^i^]) ii^:J^^U:y^V MJai^^WV^/i; =1 — 
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^//i^S^x K7^V/v:^>'V>J^>'^. ^-^^:y7.)Vtisi/^^ Kxixyv^^^-^^-^^/PJi^ 

»ffl?L<D-9--r Xfi, #j^?L?^fife^J (B) ^7«/w:*:^bS-^^^y ^^f-^- (A) 
So :^mm<Dm^. (B) o5pi^:9-^*i:m^?L^l-=t=BM*^^^^- r$^^»6 0 

So 

Sja5, -^6!l^^:M^i^«^^;^*53Sl<^ 7«>'V';^:/b^'^^^y =^-^- (A) Sr-^ 
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(B) «4>^»*5/h^<^ji9. #<(^#^. 7K^14lJ:>&S-^*^e>> ^atsM4' 
^*w7L?i^^^J (B) (D»4^:iffiv^s (B) *>5V^^* 

=f-^«- (A) 1 0 OmftlfRl-*M-'t 3-1 5 Ofiftg|5^*Pi-So 3fi*l$7|Sffi-e 
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&.±(D^0i^. :^^m<D^^ V^^^^^i-^^ xr^>'^-Y^»'^«ittr«^ti-U. 

2. 1. 3 ^mmmm.^^mm (f) 

m^ii. m^m^m-r^^mmmmm^mmM (f) ^mm-r^o 
:^^m<D^mmmm^^mm (f) riac^^k^^ (7) x^^^ti^^t^m 



X 3 _„ 



- s 

I 

(R 



i -R 



I 1 



1 0 _ 



S i X 3 - n 

I ( 7 ) 



(R»M 



i^^, XttCK OCH3^ OCaHg^ OCaH^^ OC4H9, X«OH 

^fc. R"«CH 3> C^Hss RXJ^C e H ^ ;6-b>feSP 
5o ) 
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r^l-e. ^ (7) 4'(DR"J*. M?^fC 1 ~ 3 0 (D^^l^^-^^^^^S^^-f" 



- (CHa) „- (8) 

:xi>'^i, 9-7':fyiP=^i^. 1, 1 2- Kx;«7i^^:^x i. i s-^r hy'f:fJi^ 
hi) ^h^-y^^y:y (HS i (OCgHg) 3) Sr^v^fc^-^. 

1, 1 o-if;^ (by jihdfvi^y/v) i, i (hy^ib 
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CH3 (OCgHs) 2) . 3ibdrv^i?7«^/l-i/9:/ (HS i (CH3) , (O 
^^^^ 1, 8-lf;=^ (31 b^^^i^pt^/v^/'J/W :*-^^?>'Sr^n^tb#5-^ 
X:6SOCH3X«OC 2H5-e«>t). R " (8) X-m^ti^W.m'Jikr /l^ 

(A) (o^^m^^mmmm^^mPf (f) ^Ba^uT*5< ^ ^a^s 

2. 1. 4 ■m:^^m\^i^V (G) 
:^mm<DM7i(.^m^^^VMt^m (G) J^i. TIBt^^'fb^^ (9) ^^^ttS^b 



45 



wo 2004/070738 




PCT/JP2004/001179 



(R«) „ (R») „ S i (9) 
(^cfJ, RMiCl. OH. OCH3. OCgHg. OC4H9. 

CsH^^ C4Hg. CgHist CsHjy. CijH23% ^ 12^ 2b ^ ^ 33 >■ ^ 
,8H37:S.t^C 6 H 5 /i^bJ^eSPi 9 31ffnfc^-^fe?). mf*l~4<7)^^. n ri 
0~3(DSm-efcSo mix. m+n = 4T?fc5„ ) 

MTk^m^i^VMt-^m (G) f*. b-C|g*l^^<fc 9]^< 

1^ -b ^ * 5 yfc ^ jljp i- S o 
*P7Kr^^14v^y /Wb-^i^ (G) bTf*. -7^ h ^ n o i/^ i^. 

^'f'/V^^ n — ^=aei//V^. n f-JV^. n-^ lyf'yJ'V^. n — Kt*^//^ 

7K:»'»ftt'fb'^#iSrffiv>-c^ J;v>o :Sr^Mi:bT«. ^^^-p* b'^i^K. '^^i?^'^ 
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2. 1. 5 i^n'^'^-^:tV =f-^- (H) 

±^^mmmm^mmM (f) . h^\^^itM:i^^m\^'^v Mt^m (g) 

(H) ^#ffi-t-So 

:^^m(Di^r2e^^l^:tV (H) TIB<D'(b^^ (10) X'^^ti^it 

R > 2 

Xa-„-S i -O- (S i -O) „-S i -Xa-„ (10) 

I I I 

(R^M „ R^* (If) » 

Xf^C K OCH3. OCgH^^ OHX« 

ococH 3 ^<7)v>-ftL;{)^<DS-efe'5 . R"f*cH3^ C2H5. c 

U OH. OCH3S OC ,Hs. OC3H,. OC4H9. OCOCH3> C 
H3,. CgHe. C3H7. C4H9. CfiHu. CgHiT. C u H 23 ^ C H 
C,eH33. C,3H3rS:tJ^CeH5^^b^ce^S¥j:9^fittfc^t?fcSo R 'M^i 

^ivh(DZ^ti^^:y7tV =f'^- (H) f:i. JOTK^ilPFtii^y /Wb-^'fe (D) . 
(E) (DM^i^xh^o =^-^- (a) pi/i-;^;:/ 

i/^:/ (c) m^<o=^=^^y h^^mm\^WP^'^^^i^^'^'^^ ^^-^'^^^^^^^ 
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(D) > (E) ^fflv^5;L^36S"e#^ ;ty =?-^-<^'^^:&^Sfef*s ^>'v;^7:/ b*-^ 

;i;i-c% ^ (10) cj^oR". R'^(D'^m^nnm\^^itmm^^^^^^^<^ 

X. ^ (3) X^^fl^MTi^^m^^^V Mt^<^ (D) ^SfflV^btl.f^l^'^^*. R 

-liileii^^^So 2|5:^PJl-*3V>-C. v'a^i^>';^-y ^^'-^^ (H) (Dm^tl^X 
tt, jDTK^fiH^^^yMk-^i^ (D) :BlXJ^ (e) ^:i-:^;^^t^^v^T^^<. i^:^ 
^?S-^UTt>^<^ ^ (4) -c^^^sAPTK^^^tfeixy/Wb^l^ (e) (D 

*fc. ^ (10) ^<DK''7!)mm\km<Dm^. OH (^:x7y-/W i:^<eoTv> 
-Ct^<> ^^i-. R«;6S|fP5>6<Jl^*n;!K5>«?14i/y/Wb;'^'^ CD) . (E) 

T^5|^#5t ^ ^ 5fe o -r .fc V 

,^p^^^^y (H) ^/V:;5;7'bS^W:e-y =^''^- (A) 

;5^^:^Wtg-CfeSo rtJlSfat b-C(*. KC-89S. KR-5 0 0. X-40 
-9225. X- 40-2308 (V^-f ^%^ia##) ('ftiS^b^ (*) *ti^) 

feSPSI— 0 21> PSI-023 (V^-r^t>^lSI#■^) (Gelest^fc 
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^ =Sr ffl V ^ S ^1 ^ :d 5 -c ^ 5 „ 
2. 1. 6 ^gi-^ 

-^i^" ^{*. ;/^;V^'^Y^^^:^^)^-^— (A) (^J^^c^^-g-tj^-^-t-S ^><Z)t?fe 
?)) . $e,lC'ft7g^5>T**?S^miiaii'^lg1f^J (F) . JP7K^i!i?tt^S'fk^fe 
(G) > S^cI:3^1^i^;^■y =f'r— (H) . fc6V>tt^^JNB7LJ1^^5^J (B) ^*P;t6^: 
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(G) . vod^^i^i^;^!; (H) ^ixix.^m^. ^(D^$YmMm\-i^un(D 

=?"^- (A) 1 0 0 SMl^:^ 2 0 0 fi»gPiJATt?fe 

^^ffl^^M-fb-^i^ (G) . Z^V2er^l^:tV ^-^^ (H) (D-^tf^iPSfis 

2 0 oMAUUrx-'^^o 

;^ji^©T7i'='-/v^^i^. X Kn7 7:/. 1, 4-i^^=3fi^:/''.ct*<^^- 
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2. 2 mzconrn. 
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2. 3 ms<DiLn 



2 . 3 . 1 

:^^m\^^i-^^^^ ^'^^^^^^'^^ T7i^=^^i^^^v ^i^mmcoMyK^m. 

^m. m^i^^^s i -O-S i^-g-O^^^s o 1 - g e l^^^t\^XX<^ 

mmt\.xm^m\^^m^\at.. mm. mm. v:ym. mmts:if(^y^'^^'r 
^fflo^(D-T?foti.t^<fcv^ :i<D^xhMm\-iRf:^^^. m(Dmmmi^it^^'>^^ 

ii^O. 0 1 ~ 1 2 N<7)t>(D;^)5^v^btI/5o 
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s-^^:^y=^-^- (A) ^^:*p^-c*5v^-c^ ^(D#i£#^5>^;&t]^-cvN<?-r^ J; 
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2. 3. 2 M^R}^ 

^^^}.^u-zfKi:^mBM. mm^mmm. mmmmum. --r^^umM 

1 0 o~3 o 0'C-etT5 wi:;6S^g:^bv>„ 

^^=ff 5 -fb'^^ Sr^a X-T AP^ UT t> ^V>o 
2. 4 m4(DJLm. 

T-#6„ ^<?5#-^> j^^^tifcwmii\^f&^x^mmti:miti>^'^mxh^ti^. 
^g^^uv^o i^3^?L?i^^^j (B) m\i7^^m^U'^x^?>m^h. mhK^ 
±^xm. mmm(Dij\i7K^^mmm^m\'^x^m. ^h\a-i:i^mvx^\i^xh^ 

^>(D:6S«^*UV>o 7k^5fe^^:*3V^-C«> *p|^b-C^>^<. JPJE'^^ib«r-^x."C J: «9 7K 
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njmx^^o 
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mmm 

(1) T'n h Vfe^'lifP* 
582 0 0 2-1 8 4 4 2 7#i^^4'> ^ 3 iClB^^ttfcts*^ ^ lll-<^^><^) 1-"^ 

>^y^^^^^^m^'mm (y-y hni^^ttt. 126 o^) ?sr^^u. ^js^o. 

7K^^#ffl^ (9 5~10 0%RH) X. m.m^>hx2^y-'K^V)'^/\^m. 

m^^m.f)^hi 6 o'xz^xmt^^. ^ti^tKoumx-^^ h:y^mm(om^^ 

56 



wo 2004/070738 




PCT/JP2004/001179 



(2) f^j^M 

5^:^^=?'^'- (A-l) Sr#fco 

;e-y=r^- (A-i) (Di5^^*^GPc (my- (^) %tia^ 8020M) -e 
0) „ 

=f-^- (A-2) F±. M^miQ-^^ s i-mmm.^^:^^^ y^^^^'omni^tzL 

^7Vio'^vm-^^r;v::i^i^i^^-^ (c) hlBH^^m'^'^') M\:.^m (D) oJt 

[-g-^^^ 3 ] 
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Vm-^m^Vdt'^- (A- 3) ^mco :tV:^--r- (A- 3) ^-^^ 1 6 
-C. (C) : (D) =2 : l-CfoofCo 

vf^^tsx^i-ii. ^mmstmmi^\^r;^/\-:^^hm'^m:^v=^-^- (a-4) 

^#fCo :^y=r'^- (A-4) fi^^8-e. (C) : (D) = 3 : 2-efeo 
.^7:^6. 3 g ^^P«^y-/^-2. 9 gl;i^l?b-CfflV^. 0. .lN^m=SrO. 8 

sti^fc^tskm-i. ^mmstmmKvx;^;i^:^yh^^m:^v=^'^- (a- 

5) Sr#^o :^y=?-^- (A- 5) m^^ST?. (C) : (D) = 1 : 1 1? 

rtiJA^f*. •a-^'^J5^Piti;ib'C7</v:*:^hS^^^y =?-^- (a-6) ^# 

fco ;a-y=f'^- (A-6) (i. fi^si3-c. (c) : m^^M^i^ V Mt^m 

(E) =1:1 -efeofco 

^^^^W9:/<Z)f5:i^9^-:^^5'^>'^^y^^=^^^^^^^ (Ge 1 e s t 

y=i-^^ (A- 7) ^#f^o (A- 7) S^S^9-^^ (C) : 

(E) =1:1 X'fcofCo 
C-^^^?1J 8 ] 

^tum-i. ^mm2bnm^\^r;^jV:iJ':^vm^^^V=f-^- (A-8) 
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